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In an earlier  study  (10),  it was  shown that exoge-
nous  thymidine  is  incorporated  into  a  precursor
"pool"  during  the  period  between  deoxyribo-
nucleic  acid  (DNA)  syntheses.  The possibility  was
not examined,  however,  that  the  ability of cells  to
incorporate  thymidine  into  the  pool varied  with
the  mitotic  stage  at  the  time  of exposure.  Avail-
able  evidence  indicates  that  the ability  of cells to
incorporate  thymidine  into  a  precursor  pool  may
vary  with  cell  stage.  First,  in  situ  synthesis  of
282  B  I  E  F  N  T  E  SDNA  precursors  appears to  be temporally  related
to  DNA  synthesis  (9).  Phosphorylation  of thymi-
dine  occurs only  near  and during  DNA  synthesis
in  some  systems  (1,  8,  19).  Finally,  exogenous
thymidine  is  retained  in  a  DNA  synthesis  (18).
The  present  study  was  undertaken  so  that  it
could  be determined  whether  the relative amount
of exogenous  thymidine  incorporated  into  a  pre-
cursor  pool  of  neuroblasts  fluctuates  during  the
period between  DNA syntheses.
MATERIALS  AND  METHODS
Embryos  of the  grasshopper  Chortophaga viridifasciata
(De Geer)  at an age equivalent to  14-15  days  of de-
velopment  at  26°C  were  used  for  this  study.  Tech-
niques  of  dissection  and  preparation  of  hanging-
drop  cultures  have  been  described  in  detail  (5).
Criteria  for  determining  cell  stages  have  been  pre-
viously  reported  (2,  6).  Manipulations  of  embryos
were performed  at 26  2C.
Dissected  embryos  were  placed  in isotonic  culture
medium  (16)  which  contained  10  /pCi/ml (1.46  X
10
- 5 M) tritiated  thymidinel-(3HTdR)  (specific  ac-
tivity  5.4  Ci/mmole)  obtained  from  New  England
Nuclear  Corp.,  Boston.  During  the  Ist  10  min  of
exposure  to 
3 HTdR,  neuroblasts  were  mapped  (4,
11)  in desired  stages of the cell cycle.  Mapped neuro-
blasts  were subsequently  reidentified  either  in  hang-
ing-drop  cultures  or  in  stained sections.  After  expo-
sure  to  3HTdR,  embryos  were  either  fixed  immedi-
ately or  rinsed successively  in two changes of culture
medium  containing  1.46  X  10
-3  M  (excess)  un-
labeled  thymidine  (Grade  A,  California  Corp.  for
Biochemical  Research),  and  in  two  changes  of  me-
dium without thymidine.  The sequence is  hereinafter
referred  to  as  "rinse."  It  was completed  in  15  min.
Tissue  was  fixed  for  8  min  in  Newcomer's  fluid
(14),  dehydrated,  cleared,  and embedded in paraffin.
Sections  5  u thick were mounted on slides,  and radio-
autograms  were  prepared  (12)  and  stained  with
0.1%  toluidine  blue  in  30%  ethanol  (15).
Silver  grains  in emulsion  over  mapped  cells  were
counted  within  a circular  area  30  p
2 at  the plane  of
the  image.  Grains  can  be  counted  more  nearly  ac-
curately  within  this  small  area  than  within  an  en-
tire  nucleus  (average  cross-sectional  area,  156 
2).
Grain  numbers  from  counts  of  five  randomly  se-
lected  areas  over  each  nucleus  were  averaged.  The
background  level  was  determined  for  each  slide  by
1 Samples  of 
3 HTdR  were  tested  for contamination
by  ascending  paper  chromatography  with  86  n-
butanol:  14 water.  Chromatographs  were scanned in
either a chromatograph  scanner or a gas flow counter.
Lots  of  3HTdR  with  more than  5  contamination
were  purified chromatographically.
counting  grains  in  25  randomly  selected  areas  near,
but  not  over,  tissue.  Background  grain  numbers
averaged  one  to two grains  per  113 
2.
RESULTS  AND  CONCLUSIONS
Onset of DNA Synthesis at 26
0 C
So  that  the  time  of  onset  of DNA  synthesis  in
relation  to  the  beginning  of middle  telophase  at
26°C  could  be  determined,  neuroblasts  were
exposed  to 
3HTdR  at  the  beginning  of  middle
telophase,  and fixed  after various  exposure  times.
At  26°C,  incorporation  of  3HTdR  begins  about
20 min  after  the  cell  enters middle  telophase  (see
Fig.  1).  Initial incorporation  is rapid. The  average
duration  of middle  telophase  at  26°C  is  38  3
min;  therefore,  DNA  synthesis  begins at  approxi-
mately  the middle  of this  stage,  which  affirms  the
conclusions  of  Gaulden  (7)  and  McGrath  (11).
In succeeding  experiments,  neuroblasts  were  fixed
30 min after the  beginning of middle telophase,  or
about  10  min  after  onset  of  DNA  synthesis  at
26
0C.
Retention  of  3HTdR  in  Stages  of  the  Cell
Cycle Not Associated with DNA Synthesis
As a  test of the possibility  that 3HTdR retained
in  neuroblasts varies with the mitotic stage, neuro-
blasts  in  middle  prophase,  prometaphase,  meta-
phase,  and anaphase  were  mapped  in  each hang-
ing-drop  culture  during exposure  to 
3HTdR.  The
embryos  were then  removed  from the  cover  glass,
"rinsed,"  and  again  made  into hanging-drop  cul-
tures,  with  medium  lacking  HTdR.  The  time
that  each  cell  entered  middle  telophase  was
recorded,  and  30  min  after  the  last  mapped
neuroblast  entered  middle  telophase,  the  cells
were  fixed.  Grain  numbers  from  radioautograms
of the  cells  (Fig.  2)  were  compared  with the  cal-
culated  regression  line,  y  =  1.02x  - 8.7,  for  the
data  in Fig.  1. The grain numbers of cells exposed
during  prometaphase  and  metaphase  deviate
more  from  the  regression  line  than  those  of  cells
exposed  during  middle  prophase  and  anaphase.
It  appears,  therefore,  that  the prometaphase  and
metaphase  neuroblasts  incorporated  less  3H  per
unit  time  after onset  of DNA  synthesis  than  those
exposed  during  either  middle  prophase  or  ana-
phase.
So  that  the  difference  could  be  confirmed
between middle  prophase  cells  and prometaphase
or  metaphase  cells  with  respect  to  incorporation
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FIGURF  1  Onset  of  incorporation  of
3HTdR  in  neuroblasts  in  middle  telo-
phase.  Cells  were  exposed  to 3HITdR  be-
tween  the  beginning  of  middle  telophase
and  fixation.  Each  point  represents  a
single  neuroblast.  Emulsion  exposure
time, 5 days.
o·
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FIGURE  2  Incorporation  of 3HTdR  in
neuroblasts  exposed  during  middle
prophase,  prometaphase,  imetaphase,
or  anaphase,  and  fixed  after  varying
times  in  middle  telophase.  I)ashed  line
represents  regression, y  =  1.2O  x  - 8.7,
calculated for data in Fig. 1. Neuroblasts
exposed  originally  during  middle  pro-
phase:  ;  prometaphase,  ;  rmeta-
phase,  V;  anaphase,  0.  Eulsion  ex-
posure  time,  5  days.  See  text for  addi-
tional details.
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of 
3 HTdR,  the preceding  experiment was repeated
with  modifications.  During exposure  of each  cul-
ture,  cells  were  mapped  in only one  mitotic stage
between early prophase  and early telophase.  From
among  the  mapped  cells,  only  those  neuroblasts
that  entered  middle  telophase  within  5  min  of
each  other  were  selected  for  radioautographic
analysis.  (The  time of entry into middle telophase
was  estimated  for  neuroblasts  mapped  during
anaphase  and  early  telophase).  Grain  numbers,
presented  in  Fig.  3,  show that neuroblasts  which
were  exposed  to  3HTdR  during  prometaphase
and  metaphase  incorporated  less 
3HTdR  in  the
subsequent DNA  synthesis  period than did neuro-
blasts  exposed  during  prophase  or  early  telo-
phase.  Grain  numbers  from  neuroblasts  exposed
during  anaphase  range  between  these  two  levels
of incorporation.  It  can  be  concluded,  therefore,
that  the  retention  of 
3HTdR,  or  its  derivatives
other than DNA,  is  less during prometaphase  and
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FIGmnE  3  Incorporation  of  3HTdR  in  il
phase after exposure  during individual stage!
shows  stage  during  exposure  to  3HTdR.  N
were  fixed  approximately  30  rlin  after  be
middle telophase.  Symbols:  EP = early pro
=  middle prophase, LP  = late  prophase,  P
metaphase,  M  =  metaphase,  A  =  anapha
early telophase.  Emulsion  exposure  time,  5  d
metaphase  than  during  other  cell  stag
portion of the cell  cycle  of no DNA  syntl
Effect  of Excess Unlabeled Thymidii
Availability of 3HTdR
So  that  it  could  be  determined  wh
"rinse"  with  excess  thymidine  was  efl
reducing  HTdR  in  the  precursor  poo
blasts  in  metaphase  were  mapped  duri
min  exposure  to  3HTdR.  Embryos 
treated  with  excess  thymidine  for  5,  1
min. After  an  additional rinse  (5  min) it
without  thymidine,  mapped  cells  were
in cultures,  and  fixed  30 min  after  the  1
of middle  telophase  (time  of beginning
telophase  was  estimated  for  cells in  exce
dine  for  20 min).  The distribution  of gi
bers  over  neuroblasts  reidentified  in  r
grams  (Fig.  4)  is similar.  Under  the
employed,  therefore,  excess  thymidine
tive  in  diluting intracellular  3HTdR  fro
blasts.
DISCUSSION
In  terms  of  DNA  synthesis,  the  neurc
cycle  may  be  considered  to  consist  of  t
a  synthetic  period  and  a  nonsyntheti
Equivalent  amounts of 
3 HTdR  are  retai
exposure  occurs in the  portions of the nor
period  just  after  completion  of  one
period  and just  before  onset  of another
period. Less 3HTdR  is retained  in the  mid-portion
of  the  nonsynthetic  period  which  corresponds  to
prometaphase  and  metaphase  when  the  nuclear
boundary  is  lacking.  (The  electron  microscope
studies of neuroblasts  (17)  reveal that membranes
. begin  to  form  around  individual  chromosomes
*  during  anaphase).  Thus  retention  of 3HTdR,  or
its  derivatives  other than  DNA,  in  the  neuroblast
may be related to  the organization  of the  nucleus.
Support for  this idea comes  from observations  that
A  ET  the  soluble  derivatives  of 3HTdR  in  Tetrahymena
tE  are  localized  in  nuclei  (13).  It  is  possible  that  a
middle  telo-  3HTdR  derivative  may  be  formed  in  the  nucleus
i. Abscissa  more  efficiently  when  the  nucleus  is intact  than
[euroblasts  when  the nuclear  boundary  is  lacking.
ginning  of  One other  possible  explanation  is  that  permea-
)hase,  MP  bility  of the  cell membrane  may change  in  neuro-
'M  =  pro-  blasts  during  mid-mitosis.  Carlson  (3)  has  re-
,se, ET  =  ported  decreased  viscosity  in  neuroblasts  in
lays.  mid-mitosis.  In  neither  Carlson's  nor  the  present
study  is  it  possible,  however,  to  distinguish  be-
es  in  the  tween  changed  permeability  and  cellular  reor-
.hesis.  ganization.  The viscosity change might  be  a result
of  increased  permeability  to  water;  the  mid-
te on the  mitotic  reduction  in  the  amount  of  retained
3HTdR,  as  well  as  failure  to  detect  dilution  of
retained  3HTdR,  may be the  results  of decreased ether  the
in membrane  permeability  to  thymidine.  It  should
)fective  - be  pointed  out,  therefore,  that  failure  to  detect
dilution  is  not conclusive  evidence for  no dilution.
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FIGURE  4  Incorporation  of  3HTdR  in  neuroblasts
after  incubation  in  excess  unlabeled  thymidine.  Cells
were  exposed  to  HTdR  during  metaphase  and  fixed
about  30 min after the  beginning  of  middle  telophase.
Emulsion  exposure time,  5 days.
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rmidine  (HTdR)  during  several  stages of  the  cell
cycle  between  early  prophase  and  early  telo-
phase,  rinsed  with  unlabeled  thymidine  100
times  more  concentrated  than  the 
3HTdR,  and
fixed  after  the  cells  entered  DNA  synthesis  in
middle  telophase.  Two  main  points  result  from
radioautographic  analysis of the  cells:  (1)  Neuro-
blasts  exposed  during  prometaphase  and  meta-
phase incorporate  less  3HTdR than  those exposed
during  early,  middle,  or  late  prophase,  or  early
telophase;  and  (2)  dilution  of  HTdR  by  un-
labeled  thymidine was not detected  in neuroblasts
exposed  during metaphase.
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